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Interface fluctuations and stratification in 3He-4He mixture films J. P. Laheurte, J. C. Noiray 3 He concentration less than 6.4 % down to 0 K. Considering mixture films of sufficient thickness we also expect to observe a phase separation. However, in this case, gravity will not be the dominant field. It is rather the Van der Waals interaction with walls which will be responsible for the spatial separation. This leads to the preferential adsorption of 4He near the walls and 'He at the free surface [1] [2] [3] . This preferential adsorption is also related to the mass difference between the helium isotopes through the zero point motion leading to a volume occupied by a 4He atom smaller than for a ' The time of flight technique on a glass plate, already described elsewhere [11] , is restricted to a narrow thickness range due to the occurrence of capillary condensation in the crushed glass [11] . In this respect nuclepore filter is a very interesting material which has been studied by Chen et al. [12] . Not only does it give a very large surface adsorption area but also it was shown [12] [11] . The theoretical curves presented in figure 4 are obtained from equations (22) and (23). It is clear that the experimental third-sound velocity is rather well described for the lowest 4He coverage (2.9 layers) by the assumption of homogeneous behaviour (Fig. 4) . For the largest 4He coverage (6.2 layers) the experimental points suggest instead a stratification in the mixture film (Fig. 4) .
The two sets of experiments characterize clearly the two kinds of behaviour, homogeneous or stratified. The next step is of course to study more accurately the change of regime with coverage. We therefore measure the third-sound velocity as a function of the 4He coverage d4 at T = 0.4 K for two different 3 He coverages (1 and 2 atomic layers).
The results are presented in figure 5 as C3 2/ C3 20 (22) [16] (see Fig. 6 ). Within our physical picture embodied in the model described in the preceeding section, the homogeneous behaviour corresponds to thicknesses d, d d2. In fact we observe a wide cross-over region between the homogeneous and stratified regimes indicating that the criterium (19), implying a sharp transition, should be considered only as an indication. Indeed, a sharp cross-over is the signature of a phase transition, a possibility which is not described by the model.
The stratification transition appears rather as a finite size (thickness) effect leading to rounded behaviour.
The question arises whether it is possible to observe experimentally the other transition from homogeneous to stratified by crossing the other critical value d1. In principle, this can be done in two ways, either by diminishing the film thickness below dl(T) at fixed temperature or increased di(7J by lowering the temperature (i.e. increasing S*) at fixed thickness. Considering the low value of d exhibiting a homogeneous behaviour, it is more convenient to proceed by decreasing the temperature.
One thus expects to observe a rapid increase of the third sound velocity as T is lowered below the transition temperature given by di(T*) = d. Fig. 6 . -The three sets of experiments at 0.4 K are grouped together : set A (homogeneous behaviour), set C (stratified behaviour) and set B which shows the existence of a wide crossover region between the two regimes. The triangle on the right part of the continuous curve corresponds to the observation of Mac Queeney et al. [16] .
This behaviour is indeed seen in our experiments using a time-of-flight technique. In figure 7 is given the variation of C3 as a function of T on films with constant amount of 4 He (d4 = 2.9 layers) (set A) and with 3He thicknesses ranging from d3 = 0 to d3 = 2 atomic layers. We interpret the steep increase of C3 as the signature of a stratification.
Clearly, to test further the model of section 2, we need to compare more quantitatively with the experiments the expected thickness d3 and temperature T* for which the stratification transitions occur. It is easy to convince oneself that the corresponding transition temperature T* (while showing the correct qualitative trend of decreasing with increasing amount of 3 He), cannot be predicted quantitatively.
The occurrence of such a discrepancy is not surprising considering the rather crude level of our description and the mean field character of the model. The first assumption of small deformations (fluctuations) can be criticized especially in the proximity of the homogeneous-stratified transition.
Secondly, our theory is essentially mean field in the sense that the same compression elastic modulus B has been taken for all mode disturbances with the usual consequence of overweighting the role of long-wavelength fluctuations. However, we think that as usual, the mean field approach predicts at least qualitatively the correct trend, namely the existence of three regimes.
Going beyond the mean field approach requires a more sophisticated description which is beyond the scope of this work.
However, at this stage, we may improve the mean field treatment with the following argument, already developed in a previous work [1] . It is natural to expect the treatment leading to equation (15) (Fig. 10) . From the Kosterlitz, Thouless and Nelson theory, at the superfluid transition To, the ratio (is/T 0 is constant, a. being the areal superfluid density. At low temperature in a layered mixture film, the superfluid phase is pure 4He, and the ar value is only fixed by the number of 4He atoms n4 adsorbed by unit area [17] . Thus in the stratified regime, mixture films which correspond to the same n4 value should be characterized by the same onset superfluid temperature. We have represented figure 10 
